The most important source of data on x-ray optical constants is Henke's tables,' where the real part of the optical scattering factor is calculated from the complex part by using the Kramers-Kronig relations. The results concerning the real part (i.e., the index of refraction) are questionable, especially in the region of absorption edges, because of the rapid variation of the scattering factor and the integral relationship between the measured data and the computed results. As pointed out by Spiller, 2 this difficulty can be avoided if the index of refraction can be measured directly. Other determinations are based on the measurement of the reflectivity from single In these cases, the determination of the refractive part of the index suffers some drawbacks: the reflectance of the sample may be strongly modified by its surface roughness, and, because it depends on the absorption, the final accuracy can be severely affected near the absorption edges. In the interferometric technique, the introduction of a homogeneous object with uniform thickness into one optical path produces an additional path difference A = 3t, according to the sample index n = (1 -8) + i,8 and thickness t. Consequently the whole interference pattern produced by the interferometer is shifted by x = (A/A)p (where p is the fiinge spacing) with respect to the case without the sample. From the measurement of this shift, we can calculate the optical thickness of the sample, i.e., its index of refraction, by knowing the physical thickness. The relation A = At is only an approximation even in transmission near normal incidence; the exact relation with the Fresnel formulas indeed involves the absorption. But this term has in practice no significant influence. Another related transmission technique makes use of the diffraction of a grating structure, etched in a layer of the measured material. 5 Because data are collected through the sample, the interferometric technique could offer a useful complementary source of index determination in the whole soft-x-ray to XUV range and even be a better source of absolute measurements near the absorption edges. To our knowledge, beside an early experiment reported by Aoki and Kikuta, 6 no such interferometer has been realized for the purpose of index measurements in soft x rays, although near 10 keV index determination by interferometry has been demonstrated. 7 This is because the realization and operation of a soft-x-ray interferometer present specific difficulties, for which we demonstrate here that a realistic solution exists.
Choosing and designing an interferometer in the soft-x-ray range is governed mainly by technological considerations. First, interferometry requires a much better waveform than does imagery. So it seems extremely difficult to fabricate a beam splitter that is able to produce two wave fronts with this high optical quality. This strongly suggest a wave-front division interferometer. Similarly, it is much easier to obtain the required wave-front division interferometer. Similarly, it is much easier to obtain the required wave-front accuracy from grazing-incidence plane mirrors than from any other x-ray optical component. Finally, for coherence needs, it is most advisable to work near the zero path difference. Taking these points into account, we chose to implement a Fresnel bimirror interferometer, further advantages of which are simplicity and robustness.
The basic arrangement is shown in Fig. 1 . It consists of two plane mirrors, the planes of which are tilted by a very small angle 0. interference pattern consists of planes, spaced by A/20, which are parallel to the plane of zero optical path difference, namely, the bisector plane of the interference zone. The interference pattern is independent of the angle of incidence A/, which can be freely adjusted to a suitable grazing value for good reflectivity on the mirrors.
In our experiment, the mirrors' relative tilt angle 0 was 2'14", and the interference pattern was observed at a distance of L = 120 mm from the common edge of the mirrors. The fringe spacing in the interference field is 3.4 Am at A = 4.4 nm, and there are approximately 50 fringes in the field. Because the mirrors were made of uncoated silica, the grazing-incidence angle 0 on the mirrors was set between 3° and 6°, to ensure a good reflectivity.
The source that we used is the SU7 undulator of the SuperACO synchrotron radiation ring, which has a wide spectrum and is quasi-incoherent, at least for the purpose of interferometry. From the numbers given above, the maximum path difference in the interfering wave front is =25A, and the required monochromaticity was easily obtained from a grating monochromator. Its exit slit was used as the source for the interferometer. From Fig. 1 , any pair of rays interfering in the observation plane are separated by x = L tan 20 0.160 mm in the incident beam. According to the Zernicke theorem, their mutual coherence is given by sinc(7rax/AD), where D is the source distance, a is the slit width, and x is the ray separation. We used D = 10 m, which produces a mutual coherence of better than 0.66 for a < 0.135 mm.
Fringes were recorded on a high-resolution photographic plate (Kodak 1A), which was tilted at -6°f rom the planes to produce a larger apparent spacing, namely, 3.4/sin(6°) = 33 ,tum. Figure 2 shows an interferogram obtained without an object in the field. The fringes' average contrast appears satisfactory, despite the grainy aspect, and is enhanced by the high gamma of the plate. We attribute the noise mainly to the high roughness of the mirrors, which was found to be -4 nm rms. Because of the Fresnel diffraction from the mirror ridge, the fringes are modulated. The predicted profile, shown in Fig. 3 , is in good agreement with the envelope shown in Fig. 2 . As the deviation from the sine shape is not very important, and will be the same whether a sample is present or not, this modulation should not disturb the determination of the pattern position.
The goal of this experiment was to record measurable interference fringes and to evaluate the noiselimited accuracy of the index determination expected from a fringe-shift measurement. Here we assume that the physical thickness of the sample is exactly known. Because the fringe shift is to be deduced from two measurements of the fringe absolute position (with and without sample), the desired accuracy is simply V/2 times the noise-limited accuracy on the determination of the absolute position of one fringe pattern, provided that noise conditions are similar in both records.
To estimate this accuracy, we digitized the photographic record of one fringe pattern line by line, roughly perpendicularly to the fringes. Then each sampled line was. Fourier transformed. Each resultant spectrum contains two strong peaks, which account for the fringe spatial frequency (Fig. 4) . We The abscissa is the sample number, from the frequency origin. Amplitudes are normalized to the main peak height. The arrow points to the first harmonic of the main peak. The fringe position (modulo period) X is estimated from the spectrum phase (D at the peak's maximum. Scanning parameters were slit width, 2.5 ,um; slit height, 50 ,um; sample separation, 2 pum. The discrete Fourier transform used 1024 samples; the spectrum sample separation is therefore 0.49 mm-l. The resultant accuracy of 8 will depend on the sample thickness t. Clearly, the usable thickness is limited by absorption, and the situation differs depending on whether the wavelength is on the absorbing side of an absorption edge. This was discussed in a previous paper, 8 where is was found that, for carbon samples near the K edge, t = 5 ,um (small-absorption side) and t = 0.7 pum (largeabsorption side) would be manageable. This leads to a 3 r accuracy to 6 x 10-6 (small absorption) or 4 x 10-5 (large absorption). Since we are convinced that much less noisy records can be obtained, we expect that 8 can be determined interferometrically at 4.4 nm with an absolute accuracy of better than a few parts in 10-6 in the best case, setting aside the thickness determination.
A computer simulation of the interference pattern shows that it should have essentially the same shape in the presence of a sample as without it, except for the displacement and illuminance. In order to record the reference pattern and the shifted one simultaneously-on the same photographic plate, we introduce the sample to the interferometer in such a way that only half the fringe field will be shifted. Then the same record processing as presented above should yield an accurate fringe-shift measurement.
To our knowledge, this experiment is the first to permit the measurement of the index of refraction (more precisely, the optical thickness) in the soft-xray range, by direct interferometry, without the use of an artificial diffracting structure. Our next step will be to perform such a measurement for carbon in the region of the K edge from photographic records of the interferograms. A real-time direct measurement will be implemented later. It should permit a practical measurement of the spectral variation of the index of refraction, from which structural information on the sample material could be obtained. Also, bypassing the record digitization step should decrease the noise level in the shift determination.
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